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NATIONAL ADVISORY COMMTITTEE FOR AERONAUTICS
RESEARCH MEMORANDUM

EFFECT OF AIR DISTRIBUTION ON RADIAL TEMPERATURE DISTRIBUTION
IN ONE-SIXTE SECTOR OF ANNUIAR TURBOJET COMBUSTOR
By Herman Mark and Eugene V. Zettle

SUMMARY

Asg part of a program conducted to determine & method of con-
trolling radial exhaust-gas-temperature distribution in a gas-
turbine combustion chamber, an experimental investigation was meade
In a one-sixth sector of an amnular turboJet combustor. A partice
nlar design method of controlling the radial variation of the com-
bustor exhaust-gas temperature was studied. The method chosen
consisted in adjusting the radial dilstribution of secondary or
dilution alr entering the combustion zone. Thils adjustment was
achieved by one or both of two methods: (1) by ducting the dilu-
tlon alr into the cambustion zZone in a predetermined manner through
hollow radial struts, or (2) by modifying the basket-wall open-hole
aresa.

The combustor modificetions investigated consisted of combil-
nations of design modifications in three principal sectlions of the
combustor: (1) the primary-zone basket wall, (2) the secondary-
zone basket wall, and (3) the hollow radial struts. The results
of an experimental investigation of 16 separate comblnations of
such design modifications indicated that in this cambustor secondary-
zone basket-wall modifications have & large effect on the radlal
distribution of exhaust-gas temperatures. Modiflcatlioms In the
secondary-zone basket walle must be accompanied by a sultable
primary-zone basket-wall design, however, to make possible actual
control of the exhaust-gas radlasl temperature distribution. A
suitable primery-well design in the combustor under comsideration
consisted of & primsry-zone basket wall, which provided alternate
fuel-rich and eir-rich sectors longitudinally along the combustor.
Modificetions of the hollow radial struts for ducting dilution alr
into the combustion zone have scme effect on the exhamst-gas radlal
temperature distribution. For the combustor investigated hereln,
this method does not make possible complete control of the exhaust-
gas radial temperature distribution. REach row of such heollow radial
strute vesulted in combustor pressure losses epproximately double
those of & compustor without siruts.

EEeaneerr,
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INTRODUCTION

For each gas-turbine design, a turbine-inlet-temperature dis-
tribution exists that will allow maximum blade strength and maxi-
mum blade 1life at the operating. temperatures. Maintenance of a
Proper temperature distribution at the combustor outlet is there-
fore desirable.

As part of the combustlon research program being conducted at
the RACA lewls laboratory, an experimental investigation was made
in a one-sixth sector of an annular turbojet combustor. The inves-
tigatlion was conducted to study a design method of controlling the
radial variation of the gas temperatures at the combustor outlet.
The method conslisted in varying the radial distribution of dilutiomn
alr entsring the combustion zons by modifylng the design of the
basket wall or by introducing the alr through hollow radial struts.

The performance of a combuastor designed to control the radial
distributlion of dilution alr entering the combustion zone was deter-
mined and then the combustor was redeslgned in an attempt to lmprove
performance. The performance of each new design was lnvestigated
and the information obtained was used in determining the next design.
The most important standard of performance in such an investigation
was, of course, the outlet-temperature distribution. In redesigning
the combustor, however, all the principal performance characteristlcs
wore congidered. TFor most of the modifications, these characteristics
included the altlitude operatlng limits, the combustor total-pressure
loss, and the combustion efficiency. In some cases, investigatlion
of all the performance oharacteristics was considered unnecessary if
one or the other of the characteristics already determined was
extremely undesirable. No attempt was made to show or to discusa
all the modifications that were investigated. Performance data are
presented for 16 combustor designs i1llustrating some of the factors
that must be congidered in attempting to conbrol radial temperature
distribution at the outlet of a gas~turbine combustor.

APPARATUS
Installation

A schematic diagram of the installation is shown in figure 1.
Combustion alr was supplied to the setup from the laboratory alr-
supply system at pressures up to 55 pounds per squere inch abasolute.
The laboratory exhaust system removed the exhaust gases and could
maintaln pressures as low as 2 pounds per square inch absolute
within the combustion chamber.
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A gasollne-fired alr preheater was located npstream of the
setup In a bypass to control combustor-inlet temperatures. The
quantlity of air flowing through the bypass, the total sir flow,
and the combustlion-chamber pressure were regulated by three remote-
control valves. '

Two quartz observetion windows were installed in the side wall
of the combustion chamber for visual inspectlion of combustion during
operation. .

Instrumentation

The inlet-air temperatures were measured at station 1 (fig. 1)
by means of three iron~constantan thermocouples (fig. 2(a)) evenly
apaced across the duct. Rakes of chromel-alumel bthermocouples
(figs. 2(b) and 2(d)) were used at stations 2 and 3 (fig. 1) for
measuring the exhaust-gas temperatures. Five rakes of thermocouples
were placed at station 2 spaced at 10° intervals soross the duct.
Bach rake contalned five thermocouples located at the centers of
equal areas of the cross section. At station 3 two such rakes were
used to check for afterburning. All thermocouples were oconnected
to callbrated potentlometers. Statlc and total pressures were
measured at stations 1 and 3 by means of static wall taps and Impact-
tube rakes (fige. 2(c) and 2(d)) connected to 84-inch water and
mercury manometers, which were photographed to reduce the time of
operation at each test conditlion. Alr flow was metered through a
Daniel's concentric-hole orifice and fuel flow was metered by cal-
ibrated rotameters. The fuel used was AN-F-48b.

Combustors

The combustor, which was a one-sixth sector of an annular turbojet
combustor, consisted of the combustor outer housing, the fuel mani-
fold, four fuel-injection nozzles (cepacity, 10.5-gal/hr and
60°-hollow-cone sprey at pressure diffsrential of 100 l'b/sq_ :Ln.), and
the internal air baffles referred to hereinafter as the "basket.™ The
upstream and the downstream halves of the basket were arbitrarily
designated the primary-zone and secondary-zone walls, respectively.

Each of the combustor baskets Investligated 1s designated by &
serles of numbers and letters, for example, the inltial basket is
deslignated l-lBl. (See fig. 3(a)). The series of numbers and

letters by which a basket is ldentified serves as a code in which
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the flrst number (1 or 2) refers to the primary-wall design, and the
second number (1, 2, or 3) refers to the secondary-wall design. The
letter indicates the type of dilution-air radiasl distribution that
the geometry of the slot opening on the face of the struts was
Intended to induce. The slots used were:

A, slot opening designed to 1nduce a shift in the radial dis-
tribution of dilution alr toward the turbine-blade tip

B, slot opening designed to lnduce egual flow through the strute
at blade tip and root . -

C, slot opening designed to induce a shift 1n the radial dis-
tribution of the dlilutlion air towards the blade root

Thae guhacrint 1 or 2 indicates the desion groun of the hollow

ubscript 1 cates the design group of

radial struts, which are used to distribute the dilution alr.

Combustor designs having common primery- and secondary-wall
designs and differing only in type of radlal alr-flow distribution,
which the design 1s intended to produce because of the type of strut
used (A, B, or C), conveniently fall into series. The various seriles
of baskets are subsequently described in the order they were designed
and 1nvestigeted. '

Series 1-1( }y. - The development of the inner and outer walls
1

of initiel combustor basket 1-1B3; (fig. 3(a)) is shown in figure 4(a).
Primary-wall design 1 used in thls basket was that of a contemporary
no-strut type with & row of thin louvers added downstream of each row
of holes. Secondary-wall design 1 used in this basket was Intended to
control the radial distributlion of the secondary alr. The deslgn
conslsted of two rows of large olrcular holes in the outer wall of
the basket connected to two rows of rectangular, round-corner holes
in the inner wall by means of slotted radial struts. These two rows
of struts were staggered. The mecondary alr passed through the holes
in the basket walls, the hollow radlial struts, and the slots into the
combustion zone. The slots were faced upstream so that the secondary
air turning downstream would cool the struts.. The B, struts in the

initial basket 1-1B; had slots of uniform width (cutaway portion of
fig. 3(a)) and were intended to induce a uniform air distribution.
Strut series 1 (Ay, By, and Cl) is shown in the insert in fig-

ure 3(a).

1183
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The other basgkets In this serles (l—lAl and l-lCl) were the
same as the iniltial basket except that they had the A, and C; strutbs,
respectively, instead of the By strute used in basket 1-1B5.

Series 1-2( )l. - Basket 1-2B; is shown in figure 3(b)} and a

development of its inner end outer walls 1g shown in Pigure 4(b).
The baskets of series 1-2( )1 were the same as those of serles 1-1( )l

except for a difference In the secondary-well design. Secondary-wall
design 1 was modified by removing the upstream row of radial struts
and changing the remaining holes to rectangular shape. The resultant
design 1is designated secondary-wall design 2 and 1s shown as the
shaded portion of figure 4(b).

Bagkets 1-24, and 1-201 were the same as baéket l-ZBl except
thet they had A; and C; struts, respectively.

Series 2-2( ); and 2-2( )2. - Basket 2-2B,, which is shown in

figure 3(c), has primary-wall design 2 (shaded regiom in Pig. 4(c)).
The open area 1n the basket wall upstream of the row of struts con-
sisted of long thin triangular slots running axlelly along the
length of the basket wall. The sloits were staggered with respect
to the fuel-iInjection nozzles to glve alternate fusl-rich and alr-
rich sectors running the length of the primary zome. This alter-
natlion allowed optimum fuel-alr ratios to exist at the Interface
botween each fuel-rich and l1lts adjacent -alr-rich sector all along
the length of the zome. The A; and C; struts (fig. 3(a)) were

substituted In this basket design to produce basket modlfications
2-2A; and 2-2C;. Struts of series 2 (Ap, By, and Cp) are shown iIn
figure 3(c). The Bp strut is the same as the By strut. Basketis
of series 2-2( ), were obtalned by substituting struts of series 2
in the basket shown in figure 3(c).

Series 2-3( )2 and Basket 2-360. - Basket 2-332, which is shown

in Pigure 3(d), has secondary-well design 3, shown as the shaded
region in figure 4(d). The secondary-wall design is the same as
secondary-wall design 2 except thet the rectangular holes in the
outer wall of the basket have been eliminated and an additlional

row of rectangular openings has been added in the inner basket wall.
This row of holes ie in the downsiream end of what 1s arbltrarily
called the primary zone but the row is named & secondary-well modifi-
cation because it is Intended to introduce dilution alr Into the
combustion zone. Strut serles 2 was used ln conjJunction with
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primary-wall design 2 and secondary-wall design 3 to give basket
series 2-3( )2. Basket 2-300 1s the same as ahy basket In series

-2=3( )o but with the row of radial struts removed.

The basket designs investigated are summarized in figure 5.

PROCEDURE

The combustor-iniet and -outlet conditions required to simulate
zero~ram operation in a reference turbojet englne at various alti-
tudes and engine speeds are shown in figure 6. The date of fig-
ure & were obtalned from reference 1. With each combustor basket,
some or all the performence characteristics were inveatligated as
described in the following paragraphs.

Temperature distribution. - The combustor-outlet-temperature
distribution was determined with combustor-inlet conditions simu-
lating zero-ram operatlion of the reference engine at an altitude of
40,000 feet, rated engine speed (17,400 rpm) and a fuel-air ratio
of 0.0l6. Rated engine speed was chosen because the highest
combustor-outlet temperatures are required at rated speed and any
difficultlies due to Ilmproper temperature distribution will there-
fore be most severe at this candition. A fuel-air ratio of 0.018
wag used beceuse with 1l00-percent combustlion efficlency 1t approx-
imately gives the average combustor-outlet temperature required for
operatlion of the reference engine ai the simulated-flight condition.

Temperature-rige efficlency. - The variation of temperature-
rise efflclency with fuel-alr ratlo was determined at combustor-
inlet oconditlons simulating rated engine speed at an altitude of |
40,000 feet over a range of fuel-alr ratlos extending from 0.015
to 0.020 or to & fuel-alr ratio giving local thermoocouple readings
above 2000° F, whichever ocourred first.

Total-pressure lossg. - Simultanecusly wlth the determination
of temperature distributlion and temperature-rise efficiency, total
pressures at the lnlet and the outlet of the combustor were meas-
ured and recorded. The dAifference between the inlet and outlet
total pressures was considered to be the average loss 1n total
preasure through the cambustor.

Altitude operating limits. - The altitude operating limits
were determined over a rangs of simmnlated engline speeds from 50-
to 100-percent rated engine speed. The method used to determine
the altltude operating limlite is described in reference 2. Inves-
tigatione at lower engine speeds were lmposslble at the altitudes
considered because of limitations of the laboratory air supply-

1193
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RESULTS AND DISCUSSION

In the followlng paragraphs, the results shown in figure 7 to
12 are discussed in detall and are in the same order as the basket
modlifications appear in figure 5.

Series 1-1( )},

Temperature dlstribution. <« The radial-temperature distribution
at the combustor outlet for the wvarious baskets investigated 1s
presented for combustor-inlet-alr conditions simulating an altitude
of 40,000 feet and an englne sepeed of 17,400 rpm. Each symbol on
the radial-temperature-distributlion curves represents the average of
five circumferential temperature readings at the given radlal dis-
tance from the turbine-root section in the engine. (See fig. 2(b)
for instrumentetion.) The curves therefore show the average radial
temperature distribution for & given modification. The radial
temperature distributions obtained with each of the baskets of
series 1-1( )1 are presented In figure 7(a). Basket 1-1A, gave =&

temperature distribution Increasing from blede tlp to root. Baskets
1-1B; and 1-1C, also gave this same type of distributlon; however,

the effects of the dilution-air distributing struts are in evidence.

The temperature distribution of series 1-1( )l at a different

set of operating conditions (altitude, 30,000 ft; engine speed,
17,400 rpm) is shown in figure 7(b). The distributions for the
baskets in series 1-1( )l at these conditionse were not the same as
the distributlions for these baskets at the operating conditions of
figure 7(a). The dissimilarity illustrates thet the temperature
distribution is unpredlictable for this series with changes in
operating conditions.

Temperature-rige efficlency. - The temperature-rise efflclencles
Por these basket modifications are shown in figure 7(c). The effi-
ciencles for all the baskets of thils series are below 90 percent at
all fuel-alr ratios investigated and decrease markedly with increase
in fuel-air ratlo.

Tétal-pressure loss. - In order to make comperisons with total-
pressure loases of other turboJet combustors, the total-pressure
loss through the combustor sector 1ls expressed as APq/q,. (where

AP is ‘the actual total-pressure lose end g,. 1s the dynamic pres-
sure that would exist at the inlet section 1f the velocity at that




8 RACA RM E9I22

section were based on the maiimum crossg-gectional area of the com-
bustor housing). The ratlo of the total-pressure loss to the_refer-
ence dynamlc pressure APT/qr expressed as a function of inlet-to-

outlet density ratio Dl/pz ig presented iIn flgure 7(d) for basket
series 1-1( };. The values of APT/qr are approximetely the same

for each of the three baskets. The average value of APT/ﬁr is

gpproximately 63 at a denslty ratic of 2.5. - This value is about
3.5 times as large as for a contemporary no-strut-type basket.

Altitude operating limits. - The altlitude operating limlits of
each of the three baskets of this seriles are shown in figure 7(e).
For comparison, the operating limits for a contemporary no-strut-type
basket are also presented. The operating limits for the combustors
of thls series are higher at low engine speeds but much lower at
high engine speeds than the operating limits for the referencde com-
bustor. The low operating limits at high engine speeds were due to
insufficlent temperature rise through the combustor. Thls lnsuf-
ficlency was caused by both the decrease 1in temperature-rise effi-
ciency with increase in fuel-air ratio, as shown in figure 7(c),
end by the hlgh values of temperature rilse that are required for
engine operatlon at high speeds, as shown In figure 6. The attaln-
able temperature rise was probably limited for two reasons: (1) The
primary zone was fuel rich at the higher over-all fuel-alr ratio,
meking 1t necessary for combustion to begin farther downstream in
the combustor. This necessity was confirmed by vlisusl observations
showing that the flame seat moved farther downstream as the fuel-air
ratio was progressively increased. (2) The intense radial penetra-
tion of the dilution alr due to the double row of struts gquenched
the reaction proceases at the location of the struts, thereby giving
too short a distance for complete combustion at high fuel-air ratios.

Summery. - The baskets of series 1-1( ), gave low temperature-
rise efficiencles at hligh fuel-air ratlos, h}gh pressure lossed,
and very low altitude operating limits at high engine speeds. In
addition, although the cambustor-outlet-temperature distribution
was influenced by changing the radial distribution of dilution air
by means of radial struts, the temperature distributions for the
various baskets were not reproduced at different injet-alr
conditions.

Series 1-2( ),

Temperature distributlion. - The radlal temperature distribution
at the combustor outlet obtained with baskets of series 1-2( )
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(fig. 8(a)) show temperatures increasing from blade tip o root over
the principal portion of the combustor cross section regardliess of
the type of strut used. In figure 8(b) are shown temperature-
distribution proflles for the individual thermocouple rakes at each
circumferential stetion for modification 1-2C;. When these curves
are compared with the average profile curve for basket 1-2C, from
figure 8(a), the curves at the individual stations do not, in gen-
eral, have the same shape as the average profile. Thils trend is
representative of almost all the temperature profiles for baskets
In which primary zome 1 was used. The single profile curve for
each basket, as shown in figure 8(a), 1s the average of the Ffive
individual reke profiles (fig. 8(b)). Additional date not included
herein showed that the temperature-distribution patterms again
varied considerably with changes in engine operating conditions.

. Temperature~rise efficiency. - Temperature-rise efficlencles
were investigated for only ome (i;zcl) of the three baskets of thls

series and are shown in Pigure 8(c). The efficiency agaln decreases
with increase in fuel-air ratio but not as sharply as for basket
1-1Cq. From this relation, 1t can be reascned that the decrease in
quenching .by the dilution air (obtained by changing from secondary-
wall design 1 to secondary-wall deelgn 2) is in itself insufficlent
to glve the necessary Increase in combustion efflclency at high
fuel-alir ratios.

Total-pressure loss. - The average value of APp/q, at a
density ratio of 2.5 was about 33 (fig. 8(d)). The pressure losses
for these baskets are therefore about one-half as great as for
baskets of meries 1-1( )l.

Altitude operating limits. - The operating limite were deter-~
mined for only one of the bhaskets (1-201), as shown 1In figure B(e),
and are somewhat higher than those obtalned with the baskets of
series 1-1( );. The decrease in the guenching effect of the dilu-
tion air has therefore been partly effective in ralsing the oper-
ating limlite at high fuel-alr ratio. The flame peat was agaln
obgerved to move farther downstream as the fuel-air ratio was
progresslively increased.

Sumnary. - The baskets of serles 1-2( )l gave lower pressure

losses and higher operating limlte at high engine speeds then did
the bagkets of series 1-1( );. No combustor-outlet radial-

temperature-distribution control was affected by changes in the
radial distribution of the dllution alr.
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Series 2-2( ); and 2-2( )p

Temperature distribution. - When the primery-zone-wall design
was modified in an attempt to produce continuous fuel-rich and air-
rich sectors in the primary region (series 2-2( )1), the temperature-
distribution ocurves (fig. 9(a)) still showed temperatures increasing
from blade tip to root over the principal portion of .the combustor
cross section regardless of the strut configuration used.

The temperature distributlon of series 2-2( )y at a different
set of operating conditions (altitude, 30,000 £t; englne speed,
17,400 rpm) is shown in figure 9(b). The distributions of outlet
temperatures for the baskets in series 2-2( )l at these operating

conditions were similar to the distributions for these baskets ab

the operating conditions in figure 9(a). The similarity 1llustrates
that the temperature distributions for this series were more repro-
ducible for changes in operating conditions than were the tempersture
distributions for series 1-1( ); and 1-2( );.

In figure 9(c¢) are shown temperature-distribution profiles for
the Individual thermocouple rakes at each circumferential station
for basket 2-2C,. When these curves are compared with the average

profile curve for basket 2-2C; from figure S(a), the curvea at the

individual statlons have more nearly the same ghepe as the average
profile. Thils trend 1s representative of all the tempersturs
profiles for baskets in whilch primary zone 2 was used.

The results of modifying the strut conflgurations to make the
variation in the radlal distributions of the dilution air more
pronounced are shown in figure 10(a) for series 2-2( )p. Rede-
signing the struts so that they would have a stronger effect on the
radial distribution of the dllution alr had some effect on the
radial temperasture distribution, but the radiel temperature dle-
tributions still increase from blade tip to root. Figure 10(b)
shows series 2-2( ), at a different set of operating conditions
(altitude, 30,000 £4; engine speed, 17,400 rpm). ‘The distributions
of outlet temperature for basketes iIn series 2-2( )2 at these

operating conditions were simllar to the distrlibutions for these
baskets at the operating conditions in figure 10(a).

Temperature-rise efficlency. - Temperature-rise efficiencles
for series 2-2( ), and 2-2( ) are shown in figures 9(4) and
10(c), respectively. The efficiencies, in general, remain constant
with progressive increases in over-all fuel-air ratio and show
somewhat higher values than for series 1-2( );.
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Totel-pressure loss. - The pressure losses for seriles 2-2( )l
and 2-2( )2 are approximately the same as for series 1-2( )1

(figs. 9(e) and 10(d), respectively).

Altitude operating limits., - The altitude operating limits for
the baskets of these two sérieas are presented in figures 9(f) and
10(e). All these baskets produced operating limits less than
5000 feet apart, as shown by the shaded area in the figures. The
operating limits for these baskets are approximately the same at
rated speed (17,400 rpm) as those for the contemporary no-strut-
type basket. Thesde operating limits are 20,000 to 30,000 feet
higher at rated speed (17,400 rpm) +than the limitse ot series
1-1( )1 and 1-2( )l‘

The hlgher operating limits at rated speed and the higher
combustlon efficlencles at high fuel-air ratios obtained with these
baskets are the result of the primary-wall design. With primery-
wall design 2, the flame seat d1d not move downstream at high fuel-
alr ratios as it 41d with primary-wall design 1; thls phencmenon
was verified by visual observation through the window in the
upstream end of the combustor. With the flame alweys seated 1In the
extreme upstream end of the combustor, the entlre combustor length
was therefore always avallable for the combustlon processes. The
provision of alternate fuel-rich and air-rich sectors In the primery
zone of the combustor thus proved to be highly desirable.

The success of primary-wall design 2 may possibly be attributed
to one or both of the following explanations: (1) An optimum fuel-
alr ratio must exist somewhere in the Interface between each fuel-
rich and its adjacent air-rich sector all along the length of the
primery zome. Continuous and unbroken longitudinal zones of optlmum
fuel-alr ratio are thereby provided over the entire length of the
primeary zone greatly facilitating fleame propagation In the primary
zone. (2) Unpublished data obtained at the Lewis laboratory indi-
cate that small Jjets of air osclllate under certaln conditlons when
injected into a combustor simllar to those described herein. The
osclllation of each jet of air through small circular holes may
induce instabllities in flame seating. Thls design, however, pro-
vides for the smooth metering of alr into the chamber in continuous
sectors and may therefore reduce the osclllations in the critical

flame-seating regionsa.

Summary. ~ All performance characteristios were improved In
thls series except the pressure losses, which remained about the
same as for the immediately preceding series. Changes In the radial
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distribution of the dilution alr by means of radial struts had some
effect on the radial temperature distridbution; however, the genseral
trend was toward temperstures lncreasing from blade tip to root for
all strut designs investigated. The outlet-temperature distributiomn
of each of these baskets was unaltered by a chenge in cperating con-
ditions as had occurred wlth the combustor baskets previously
discussed.

1193

Series 2-3( ), and Basket 2-3C,

Temperature dlstribution. - The radial temperature distribu-
tlons for series 2-3( ), and basket 2-3C, are presented in fig-

ure 1l(a). This figure shows the resulis of combining the long thin

8lot primary-wall design with & rearrengement of the alr-flow passage

areas in the secondary-zone walls desligned to lnduce a temperature

distribution decreasing from blade tip to root at the combustor out-

let. The temperature distrlbutions were regular and conslstent at

various engine operating conditions and produced dlstrlibutlons

decreasing from blade tip to root over the principal part of the

combuator cross section regardless of the strut design used. Even

when 21l the struts were removed (fig. 1l(a), basket 2-300), +the

principal trend of the temperature distribution remeined esgentially

the same., Comparison of the temperature dilstributions obtained with . -
this series of baskets with the temperature distributions obtalned
wlith the other series of baskets shows that cambustor-outlet-
tempereture distribution can be controlled by varlations in the air-
flow passages of the secondary-zone wall, when primary-wall deslgn

2 (figs. 4(c) and 4(d)) is used. Such a primary deslgn may possibly
produce more uniform temperatures in the gaeses entering the dilution
zone, thus facilltating radial temperature control.

Temperature-rigse efficiency. - The temperature-rise efficiencies
for series 2-3( )z (fig. 11l(b)) are about 10 percent higher than for

seriea 2-2( )z (fig. 10(c)). The efficlencies for basket 2-3Cy are
of the seme order of magnitude as those for series 2-2( )2 and the
contemporary no-strut-type basket. All effliclencies remaln approxl-
mately constant with changes in fuel-alr ratlo.

Total-pressure loss. - Total-pressure losses are shown in fig-
ure 11(c). At a demsity ratio of 2.5, series 2-3( )z has an average

APp/qp of sbout 31, whereas basket 2-3Cy has a APqp/qr of 18,
which is only about 30 percent of the average value of APT/qr for
series 1-1( );. -
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Altltude operating limits. - The operating limlts for serles
2-3( )g fall within the shaded region shown in figure 11(d4); these
operating limlts are approximately the same as those shown in fig-
ure 10(e) for the preceding series.

Summary. - The temperature-rise efflclencles and the altlitude
operating limits of the baskets in series 2-3( )2 and 2-3C; compare

favorably with the efficlencles and the operating limlts of the bas-
kets of series 2-2( ); and 2-2( )z. The pressure losses for baskets
of series 2-3( ), are approximately.the same as those of the baskets
of series 2-2( )y; losses for basket 2-3C; are considerably lower

than those of the other basket series. The temperature distributions
for baskets of series 2-3( )2 end basket 2-3Cp decreased from tip

to root. Because baskets of series 2-2( ), and 2-2( }p produce
temperatures increasing from tip to root, control over the radlal
temperature dilistribution at the combustor ocutlet by meens of basket-
wall modifications has been demonstrated. The results obtained with
the types of radlal strut Investigated hereln show that radisl struts
such as these also have some effect on the radial distribution of the
combustor-outlet temperatures.

Temperature-Contour Patterns

Isothermal contour patterms for each temperature distribution
presented herein are shown in figure 12. These patterns are typlcal
of the data obtained. All these contours are at the same operating
conditions and fuel-alr ratic but, because of efflciency variatlions
from one modification to another, are at dlfferent temperature levels.
The cooling effect of the side walls and cilrcumferentlal varilatlons
in the radial temperature dlstributions are apparent.

Condition of Combustor Basket

During thils investigation, carbon depositlon was not a problem
because the combustor was operated at altitude conditions where there
18 little tendency for carbon to form. No discerneble carbon deposits
were notlced at any time.

Yery little warping of the 16-gage Inconel basket was present
on any of the modifications. The radial struts, also fabrilcated
of 1l6-gage Inconel, showed little sign of deteriloration in all butb
modifications 1-1( )l where some melting of the struts,or oxidation,

or both occurred.
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SUMMARY OF RESULTS

The following results were obtained from the experimental 1nvea-
tigation of the performance of 16 modificatlions of a one-slixth sector
of an annuler turbojet combustor:

1. When the baslc ummodified primary-wall deslgn and hollow
radlisl strute for ducting the dilution alr into the secondary zone
of the combustor were employed, the results observed were:

() Although the combustor-outlet-temperature distribution was
influenced by changlng the radial distribution of the dilutlion air
by means of the geometry of the slots In the radial struts, the
radial temperature distributione were not reprcducible from one sei
of operating conditions to another.

(b) The observed cambustor-outlet radlal itemperature dlstribu-
tione were different at each cilrcumferential position at which tem-
peratures were measured.

(¢) Combustion efficlenciles at operating conditiones correspond-
ing to an altitude of 40,000 feet and an englne speed of 17,400 rpm
(rated speed) were below 90 percent and decreased markedly with
increase in fuel-alr ratilo.

(d) The altitude operating limits were higher at simulated low
engine speeds but were much lower at high engine speeds than the
operating limite for the combustor without the struts.

2. Baskets with a primary-wall dealgn that provlded alternate
fuel-rich and air-rich sectors longitudinally along the combustor
elther with or without radial struts gave the followlng results:

(2) The average redial temperature distribution at the com-
bustor outlet for any one basket was reproducible from one set of
operating conditions to another.

(b) The observed combustor-outlet radial temperature distri-
butions were more nearly similar to each other at each clroum-
ferential poeltion at which temperatures were measured.

(c) Combustion efficiencles were higher than for other baskets
of this Investigation.

(4) The altitude operating limits at high engine speeds were
higher than for other baskets of this investigatlon.

v
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3. When a primary-wall design that provided altermate fuel-
rich and alr-rich sectors longlitudinally along the combustor was
used, the radial temperatures at the combustor outlet either
increased from turbine-blade tlp to root or decreased from tlp to
root depending on the size and the positions of the alr-passage
ereas In the walls of the secondary zone regardless of the geometry
of the slot In the hollow radial struts used.

4, More effective temperature-distribution control cen be
obtained in this coambustor by modifications in the secondary wells
then by ducting the diluntion alr through hollow radial struts.

5. Bach row of hollow radial struts added to a combustor
approximetely doubled the combustor total-pressure losses.

CONCLUSION

1. A primary basket-wall design that provided alternate fuel-
rich and aire-rich sectors longitudinally along the combustor was
emeneble to outlet-temperature-distribution control.

Lewis Flight Propulsicn Leboratory,
National Advieory Committee for Aeronautics,
Cleveland, Ohic.
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Flgure 2, - Instrumentation arrangement of thermocouples and total-pressure rakes.
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(b) Serles 1-2( )15 used with struts of eeries 1.
Figure 4, - Develomment of basket walls of one-sixth combustor sector.
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Outer wall Immer wall '=|
(4) Series 2~3( )z and 2-3Cq; used with struts of series 2 and without struts.
Figure 4. ~ Concluded, Develomment of basket walls of ons-sixth combustor sector.



22

Series

1-2( )¢

2-2( )1

2-2( ‘)2

11y
1-18)
1—101

1-24y
1-2B;
120,

2-28y

2-2By
2-2Cy

2-252
2-2B,

‘ 2-2Co

2-3( )z

2-3A,
2-3B,

2-3Cp

2-300

- - -NACA RM Egl22

Primary=-wall Secondary-wall strut

m = m
0 B el O
AR e 0
M AR =l v

B R <

design design

Figure 5, - Summarization of besket modifications.



NACA RM E9122 23
50 L] TRV LILEL] ¥TEYS LA [ .l7- 1% Tvr Vv TEEFUWT TrTew TTTY LR A AL LN § Teyv
= Ali(;it\):.de / ) o Al%}.’n‘:gt)zde =
3 £t A 3
“F 10, 000 / l 28 50 10, 000 = BE
= o) =
35 E 157000 2 o 15,00 A/// =
s~ E 20, 000 / 28 20, 00 E
o~ F 25, 000 — 5 3
L2830 F 30, 000 ~ Y y /ﬂ T 6°° / 3
—~.Q - 35, 000 — ed ). =
57 E MRS VA VAR VAP %’ _/ s
- R i, B
3 820 A g 400 30, 000 3
o D
i WL OBl :
'g g - '///// /// // -
O 2 - =
ShE AT 1 :
10 - / _74// // ,/ L~ -
: ,//44// — | 3
o E 40 0007 2200 3
3 45, 000 3
= 50, 000 — & 3
3 - / =
2 o E
= & 2000 3
= B 3
- « ha
[ N
- 0 —
3 & / 3
5 3 1800 .
o Altitude 3 -
= (£+) 5 Altitude 3
= £t) =
24 F }-o, 00 ¥ ?;:' 1600 ( =
= 5,000 £ 10, 000 =
- 20: 000 AN s S 15’ 000 -
8 E 25,000 \>/ / g /_ 20’ 000 3
e = 30, 000\ AN -1 | 3 X/ 3
16 - 1400
> 3 35, 000 = § ;/ 7 =
= o 40, 000 Séi// S - 3
- =y 7 /1 o] 7 - - ]
B = E % . L—"1 & S - -
E 8 E //// = "3 1200 /’/ < gg’ggg =
=t " "1 o \_’ f— ’ -
5 F ///éégﬁf g 2/ Yesio00]
< = = —] 000: ~——T1" [ =
— —— NACA —~ 3
(o] Ellll FTYTE ITTYR FTEY llll—so’ooo 1000y ot uasalasrad s s s laiaat s
6 10 14 - 18x10° 6 10 14 18x1.0%

Simulated engine speed, rpm

Figure 6. = Operating characterlistics of a contemporary annular turbo-
Jet engine at flight speed of O mile per hour. (Estimated data obtalned
from reference 1l.



24

NACA RM EQ122

|
\‘\\N'\ASA;H/
Basket
o 1l=1A;
O 1-1B4
=-1C
140 v 1-1C4
1
////< ™~
15 /
& ,v/ 4& ;
1 C 1/
& / .
@ 120 v//// 7
: /
g // 1
P
3 a /
pe, 110
£
4 /
.E 7 7 1
& 100 / ’/
& —
©
8 J)/ /
2 90 /,
800 I I I I
Outer Inner
wall Radlal position wall
(tip) (root)
{a)} Radlal temperature distribution. Operating conditions:
altitude, 40,000 feet; engine speed, 17,400 rpm; fuel-alr
ratio, 0.016.
Figure 7. - Performance characteristics of one-sixth sector of annular

turbojet combustor in series 1l-1(

)1-



NACA RM ESI22

25

] 9{
Basket
(o] 1-1&1
1500 o 1-1B;
v 1-1Cq
—t0
1400 /
1300 //
& !‘\\\\> /f{
@ /
'?3 1200 \V\\ B
17 T
@
-
5 / /
= / /
- 1100 /
<}
@
£
g |
-——u—\
3 ///// "/,,_—__ ’
& 1000 — —5>
[+ ]
o /////
m w.
o
&
2 :a/
« 900
800l I I | !
Outer Inner
wall Radial position wall
(tip) (root)

(v)

Figure 7., - Continued.

Radial temperature distribution.

Operating conditlons:

altitude, 30,000 feet; engine speed, 17,400 rpm; fuel-air

ratlo, 0.016.

Performance characteristics of one=sixth sector

of annular turbojet combustor in series 1-1( )j.



-

oz

Maximm temperature- 4 ‘ N
rlse efflclency // J/ Bngine requirement, 1150° P

Y

Pri -

)3 .
pd - ) //

& 1000
A [~
PoLe 2 _
E ‘,Z/ e /kyﬁ ~— 4 b
o - & 80 \
g P &)
e /;/
g e
-~ 11
: // /}/’
Basiet
C 700 (o] 1-1A1
o 1-131 )
v 1"101
013 014 ' +015 «016 017 018 +019 +020

Fual=air ratlo

(c) Variation of mean temperature rise with fuel~air ratio. Opo:.;a.t:l.ng conditionst
altitude, 40,000 feet; engine speed, 17,400 rpm.

Figure 7. =~ Continued. Performanas charscteristios of one-sixth sestor of annular turbojet
combustor in serles 1-1( );.

WY YOVN

T 163




1193

AR LR R R A R AR AR LA A L S L L A A N N R AL B A R I A T LRI |||‘

: Basket 3

] ol .

: —- 1-131 :

o —~— 1-'101 ':'
8O .
3 vV v 4 3

3 -1 1
70 - ]
3 3| -’J{ 7T L -

o - " E

o . n,- 4

C ‘HEhlg - [m i} 3
eo' S -~ /,JJ" .E‘!D ]
E —T| /"/* .+ ) 5

5 /“—- 1 p .

E (o] ______...-—-""‘—_ ’.—-'::__:/ E
w.—T — ]
E tgf”‘ 3

: —-"::" - L
- j

‘0 LLL MALARLAEARRAA L RO ARl bnidnnnandnninnnainnnninit LAhrdtennat il e it rideinl III]'lI]I'll]I
1.0 1.3 104 106 1.8 2.0 2.2 2.* 2.6 2.3 5.0 5.2

Inlet-to-outlet density ratio, py/ps

() Total=pressurs loss shown as a funotion of inlet-to~outlst density ratio. Operating

conditlions: altitude, 40,000 feet; engine speed, 17,400 rpm.

Plgurs 7, = Contimmed. Performance charasteristicz of oneegirth sestor of annular turbojet

oombustor in saries 1l-1( )1.

CT163 WY VIVN

LT




NACA RM E9122

28
Basket
l-1lA4 )
—-— 1=1B,
——— 1-10Cy
————— Contemporary
no-strut type
50:1{\5
Pt
7#/’ - ,*:?¥‘__ I
7 A 1~ ¥‘\
40 // - / ‘:/: \ \
e T2 B
4 // // A~ N \
bl i / - \
v ¥
g A A
'g 30 r 4 I \
+> 7
= 7 \\ NG \\
~ P
< \
20 \
\
\\
N\ ~WACA
10 ]
86 8 1o 12 14 186

Filgure 7. - Concluded.

Engine speed, rpm
(e} Altitude operating limits,

of annular turbojet combustor in series 1l-=1(

18x105

Performance characteristics of oz)ie-sixth sector
10

'n

2611



+

1193

NACA RM E9122 ’ 29

I
NAS.A)’/
1700 Basgket
O 1-2A4
0O 1-2By
v 1-2C7 P—O\
1600 - v
) 2\
g A1/ \
o 1500
2 /LY
]
: N /| \ ®
§ 1400 \ o/ va
—
] N/ ///// w\
» — .
: a | \
£
,g 1300 - &
—
g / T
o [ L~V
o
% 1000 //
& .
= //
1100
¥
1000 I . I ] ]
Outer Inner
wall Radlal position . wall
(Eip) . {root)

{(a) Radial temperature distribution. Operating conditions:

altitude, 40,000 feet; engine speed, 17,400 rpm; fuel-air
ratlo » O.016.

Figure 8. = Performance charaoteristics of one=sixth sector of amnnular turbo-
Jet combustor in series 1-2( ).



30

NACA RM E9I122

)
\\N‘é%//
1500 oy
_+
z", \ D s -
v// / \Y ~V
\ /
]
1400 — Vi A I \\
7 / \ j N
z A \‘ N7
/ f N
/ | / /‘v
1300 \/ // 3 ~ /
L
pd ~ AN /
g‘ / A ,/ \\ A
" 1200 - h ,/ li W
E . / // \ / \ 4%7/’/‘ /
7| s SN / /
E /¥ N\ / /
2 3,J/ \ / Y \
1100 = v \7 / N,
s , AN N,
o ~ Y
~m / \,‘7/
/// Circumferential
1000 ; 7 - sbation
( / 1
------ 2
—— S
/==
200 7 —_———— )
¢ ———Average temperature
S profile
800 / i ]
Outer Inner
wall Radial position wall
(tip) {(root}

{b) Radial temperature distribution at five circumferential

statlions.

Basket 1-201; operating conditions: altitude,

40,000 feet; engine speed, 17,400 rpm; fuel=-air ratio,

0.016.
Figure 8. = Continued.

Performance characteristics of one-sixth sector
of annular turbojet combustor in series 1-2( )1e

eeTT



1400 §
- >
] P
v =
’ ]
1500 Naxinwrs Pid i B
rature-rise v N
effislency |, - W
P .
=T |
/ b~
& 1200 // Ve //
. - / /
E < // //
/ %0 L~ ’ - ~|Engine requirement,
Euoo P - A _ A 11500 F
o d A
7] / ) ” » /
5 / - //‘ ™ I
m . / /
g - et
F - 7|2 N\
= P ™~
/ - / é T~
900 17/ ., ]
|~
f‘/
|
014 «015 2018 «017 +018 019 +020 «021 022 023
Posl=alr ratio

(o) Variation of mesan temparature rise with fusl-air ratio. Basket 1-20y; operating
oonditions: altitude, 40,000 feet; sngine speed, 17,400 rpm.

Pigure B. - Continued. Performance cheracteristios of one-gixth sector of anmular turbojet eombuator
in seriss 1-2( )i+

1€




eonditions:
Pigure 8. = Continuad.

Inlet-to-cutlet density ratlo, py/pp
(d) Total-pressure loss shown as function of inlet-to=cutlet density ratilo.

a)titude, 40,000 feet; englne speed, 17,400 rpm.
Performansce oharacterlstics of one-slxth sector of anmulgr turbojat

couwbustor in serles 1-2( )1.

.llll 1TTTY TIOVERIaN i rNgurrriuernryrnreyuenrguinreonme [ R LR LA A LR AR N LR A R E LR ) LA™
E Basket
L Ol-aﬂl E
50: 0 1-284 3
E v 1=8C¢ 3
. <4
3 —
40 » _ﬁf -
n p
o —-J'% v . 3
- | g 0T |
: 1| ) L AT
50 - —— _._.-—""'—____._ -
1 | | L1 a
L m —— — B
o) I S ]
g0 | .
s -
10 :llll sppndapne o na Lamnn dnnnn dpnnn donnn e aaptanpnltane it i daeraliionl ISR IBEERITNENINNE lIIleIll‘Ill:
1.0 1.2 1.4 1.6 1.8 2.0 2.2 2.4 2.6 2.8 3,0 3.2

Operating

A4

ZZT162 WY VIVN




NACA RM EQI22 . . . 33

5
40
ey
L]
0-
g 30
i)
ot
»
~
L4
20
10

—
~NA CA~
Basket
1-1C4
— — —1-20,
----- Contemporary
no-strut type
LWats)
,,—""—_._-—‘
//"
]
—— hd ———
‘-// // \\ \~\\
P
/ /,/' \\ h S
P
V¥
/ \
N\
N
6 8 10 i2 14 18 18x10°

Engine speed, rpm
(e) Altitude operating limits.

Figure 8. = Concluded. Performance characteristics of one-sixth sector

of annular turbojet combustor in series 1-2( )1.



34

NACA RM E9l22

I
\.\N“‘Eses/
1500
,/—50\
// D
1400 /H\\
AT TN
0« 1300 ] 4 o ~ y
3 i \‘\\
/ N\
3 1200
s /)] Y
3 .
=
% 1100 ]
g
: v 1 7
E // ' Basket
% 1000 : O 2-2Ay
8 O 2-2B;
g / v 2-261
-§ //
900
i
800 ] ] 1 i
Outer . Inner
wall Radial position wall
{tip) {root)

(a}

Radial temperature distribution.

Operating conditions:

altitude, 40,000 feet; engline speed, 17,400 rpm; fuel=-air

ratio, 0.016.

Figure 9. = Performance characteristics of one-sixth sector of ammular
turbojet combustor in series 2-2( }y.



NACA RM E9122 35

]
\\N,Qcﬁ-’/
1600 ///”
5 o \
—
= / \\
1500 //
JAREREA
/ o/ B \
1400
2 ViR EEER N
s A L~ N
2 / / 7 \\\
o e \
b 1300 / 7 // \Q\¥
5 N 1N/
3 / - / /V \
» 1200 ]
] o g/
: £ 7
[} "1
: /
- & 1100
(-]
. /
2 Basket
[
= 1000 O 2-2431
/ O 2-2By
{ v 2-201
800
800 ] ] l ]
Outer JInner
wall Radial position wall
{tip) (root)
. (b) Radlal temperature distribution. Operating condlitions:

altitude, 30,000 feet; engine speed, 17,400 rpm; fuel-alr
ratio, 0.,016.

Figure 9. = Continued. Performance characteristics of one-sixth sector
of annular turbojet combustor in series 2-2( }y.



36 NACA RM Egl22
— .
Circumferential ﬂ‘\ﬂﬁﬁﬁf”
station
— 1
______ 1 B
——— 3 &
————— - 4
—  n - —— .. 5 )
1500 — —— Average temperature
profile Le="T 7"V
&~ AN _
P - T
/’, ////’ Q>\\
1400 —= - "N
e -7 /7‘\ [
’// // \ \\ \
// v / N \
& 1300— —4 =T
3 /' /’K' Y~. \\ \w
— AN A
g g /6/7 \\ N\
& A AN ]
g. 1200 ~ ~ \
g R4 / \
» : ////’ \\ -
—
3 e ‘Z \
S 1100 7 e / %
//’)F___-——"‘“\\V
* 1000 3 ran
\ A"
- 4
\ /,//v/
900 \ 7
N
V/
800 ] i | 1
Outer Inner
wall Radial position wall
(tip) (root)
{c) Rsadial temperature distribution at five circumferential stations.
Bagket 2-2Cq; operating conditlons: altitude, 40,000 feet;
engine speed, 17,400 rpm; fuel-air ratio, 0.016. -
Figure 9. = Continued. Performance characteristics of one-sixth sector

of annular turbojet combustor in series 2-2( )1.



Mean tempsrature rise, °F

1400 >
O
>

WaxTnnin g 2
temperature-rise J/ m
efficiency .~ ©
| N
- | [\
102, e -
L~ -
vd | A
- /l‘
"/ ’-/ ’/
,/ /90 /./ ﬂ/
-~ +1Engi uirement
P /.-/ P Sipo0 wo e
1L ’/ / ',-"'
/ / 7 / /
Pyl e L
/
/"15" ?so /
100 < A~ Basket
é /,/’w/,' "
A el 0 2-24y
v 0 2-2B
v v 280y
<t
/
2
200l 1

«015 016 017 .018 +019 +020 021 022 023
Fuesl-alr ratlo

(d) Veriation of mean tempsraturs rise with fuel-air ratlo. OJperating sonditions:
- altltuds, 40,000 fest; engine speed, 17,400 rpm.

Filgnre 9. - Continued. Parformance charasteristies of one-slxth sector of anmular turbojet
combustor in series 2-2( );.

L



1 TITFYITO ISV VeI AT RTE AT IR JIVITJITIIIIT LLLAI TII] LERREARA L LR AN AR RN DAL UN)
: 3
9 4
: 3
C ]
- -
g3 -
E Basket 5
: 0 2-84) ]
3 D 2-8By :
- v 220 -
- t P A B et B
- —
¥ | el v —
F AT f_ﬁ:_‘___-—-zi :
M T 4111 & |® 3
- vV "] """ —— il -
Fmmemns v e sl ;
0 ]
20F :
10.].1' phaelaa e fonnga g na o donne dagendnaun dynopducaaRupaplopaedapaplanandoaaafoninlososdorneirasnly :
1.0 1.2 1.4 1.6 1.8 2.0 2.2 2.4 2.6 2.8 5.0 S.2

Pigure 9. = Continued.

Inlot~to=-outlet density ratio, py/po

(e) Total-pressure loss shown as funotion of inlet-to-outlet density ratlo. Operating
conditionst

combustor in series 2-2( )1.

altitude, 40,000 feet; engine speed, 17,400 rpm.
Performance characteristlcs of one-sixth seotor of anmular turbojet

g6T1

8¢

Z2 163 NY YOVN




NACA RM E9I22 = o . 39

50¥30% -
Contemporary no-strut type— -
-
)

cfld =
$ -
2 =
ot e
£ 30 -
-

20 !

6 8 10 12 14 16 18x10%
Engine speed, rpm
{f) Altitude operating limits. Shaded area shows band
with;n which all operating limits fell for this serles.

Figure 9. - Concluded. Performance characteristlcs of one-sixth
sector of annular turbojet combustor in seriles 2-2( )1.



40 NACA RM EgQI22

i
1400
¢
/"Z/
g 1300 ""'_74;74 \
: A/ A\
£ 1200 /‘/ \\
i |
oo/
¥ ' asket
& 1000 // -
% ) v 2-2C
E L/
0
eognter : : - InLer
(:::% Radial position (:22%)

(a) Radial temperature distribution. Operating conditions:
altitude, 40,000 feet; engine speed, 17,400 rpm; fuel-air
ratio, 0.016.

Figure 10. -~ Performance ocharacteristics of one-sixth.sector of annular
turbojet combustor in series 2-2( )g.



—————

NACA RM E9122

4
l
NA
1600
1500 = el
P = \\\
. /A o/ \
1400 —
- A /|
o
B 7 / \
=
& 1300 4 /
g </ / \
()]
ey
S
¥ 1200 —H a
§ /
! /
o 1100 / Basket
E: / © 2-2ap
[ O 2-2B,
> : v 2-2C
= 1000 2
900
800 1N 1 1 ]
Outer Inner
wall Radfal position wall
{tip) (root)

(b)

Radial temperature distribution. Operating conditlons:

altltude, 30,000 feet; engline speed, 17,400 rpm; fuel-alr
ratio, 0.01l8.

Figure 10. - Continued. Performance characteristies of one-sixth sector

of annular turbojet combustor in series 2-2( )2.



1400 ' e
L~
MeaxInnn d
temporature-rise ,-/ //
1300 efficisncy ~ — L~
100~ 1
% pdd
L~ “]
s P
5 1200 & e =
- /’/ / //
¥ / - 4~ Engine require-
4 0
5 /j, PP // ment, 1150° F
4 1100 — 2PV =
E e /Z ] : .
E - P
1000 =
g 7 ?/ /? Basket
/ r/ O 2—-2A2
4 0 2-2By
c/ // _ v 2~20p
900 , //,/
I‘//’I ‘ i
800 - ' '

.014 <015 +016 017 +018 +019 «020 021 «022 023
Fuel-air ratioc

(é] Variation of mean temperature rise with fuel-sir ratio. Operating conditlons: altitude,
40,000 feot; engine speed, 17,400 rpm.

Figure 10. - Continued. Performence characteristiecs of one-sixth ssctor of anmular turbojet combustor
in series 2-2( )z.

fal.l o

4 4

ZT163 WY VIOWN



L} ] 1195

RARLE BALLI R AR R A L L LA A L R L L LA A D LR RN LN LA AL L

T™TTITrYrersy

B
<
o]
\lll u_\; 1\th aazatazialgzasdaaaniaaaala il idatillnld

el & E Basgket
glv S0g 0 2-2A

. “22

olo o Vv 2-209
o o

o3 4o0f . =

- I

Eg : 9 .—-—-"%-____‘)n ° O/o

QB. - — O ;Vo

: L I /-—"" (o] 0

i 50: 4 T od—1L

] - e — l—"1 b

s ] | ]

:‘“:‘g. L v | A T Qo | O :
3 o | ]
|6 20 B2 .
) 3 ]
» - 3
3 . .
e ol
8 10 G oo bsn e bonon by doana by nana lepasbopun ot bonaaligsn aanadpnas janns g st it [SITARTIRAERN T o

1.0 1.2 1.4 1.6 1.8 2.0 2.2 2.4 2.6 2.8 3.0 3.2
Inlet-to-outlet density ratio, py/po

(d) Total-pressure loss shown as function of inlet-to-outlet density ratio. Operating
conditions: altitude, 40,000 feet; engine speed, 17,400 rpm.

Figure 10, - Continued. Performance characteristics of one-sixth sector of annular turbojet
: combustor in series 2-2( )g.

22163 WY VYOVN

b4 4



44 NACA RM EG122

50=103
Contemporary no strut type—
P 40 —=
-
g 7
ﬁ s
o 30 AT

20 : ]
6 8 10 12 14 16 18x10°
Engine speed, rpm

(e} Altitude operating limits. Shaded area shows band
within which all operating limits fell for thils series,

Figure 10. = Concluded. Performance characteristice of one-sixth
sector of annular turbojet combustor in series 2-2( )g.

26Tt



1193

NACA RM EQI22 45
I
\"‘«N:é%’/
170
Basket
o 2-34g
0 O 2-3Bg
1600 _ /] \ v 2-3Cg
+ 230
LR N ¢ . o]
1500 <r//7f \\\\\ \E\\
J / N N\
o 4 oS N N
g (?K D—k
® 1400 / AN
[}
g / AN
-t y N
o / | \\
« 1500 \ N
[~]
g / NN
& 1200 / \\ \
: A\
o .
& \
: A
b
< 1100 \\ \ \\u
1000 \
900 ] 1 1 1
OQuter B Inner
wall Radial position wall
{tip) {root}

(a) Radial temperature distribution. Operating conditions:
altitude, 40,000 feet; engine speed, 17,400 rpm; fuel-air

ratlio, O <016,

Pigure ll. = Performance characteris
turbojet combustor

tics of one-sixth sector of annular
in serles 2-3( )a.



temperaturs-rise
1500 atticioncy
y .
ar
/ =~
1200 ‘/d] "/
8" T _L//m
° -~ /,/” : Engine pequirement,
o - - 1160° P
B 1100 LAY = -
z qﬁﬁf' y/’ ///',f’d 80 7
é .7 _z‘//, /////
9 |~ y
© L A
E 1000 [ L~ //
H A ’f/,,v’
" Basket
§ /// — ]
o ) / / 0 2-3&2
T O 2-5Bg
200 P v 2-3Cp
L~ + 2-30C
/ 0
P
800 I
014 015 «018 +017 «018 «01% «020 021 022 «0R3

Fuel-air ratio
(b) Varlation of mesn tempersture rise with fuel-alr ratio. Operating conditions: altitude,
40,000 fest; englne speed, 17,400 rpm.

Figure 11. - Continmued. Performanos characteristics of one-slxth ssctor of anmular turbejet
combustor in series 2-3( )g.

S

TZ163 WY VYIOVN



lid g

LB LALRLI LA LA RN L S L EA N ALY LN AN LN AR L LILE LA LILLE LS FYrrpvanarrorprrnnrm

22163 WY YOWN

I EEFFEE NI S NN AR ANEN SRR R RV INN]

R EARAAREGE RS NARRER AL E N REN RN RE AR RA R R E L AR N A RS RE RN AR RN LA

Basket
O 2-3hy
0 2-3Bg 1
g 2=3Cp
+ 2-3C, ]
N4
v —"] 1
3]
.--"'f—\ L
o] f %555_____——1
—" | —1— 10O - :
e ol ld—t=—T—1"To :
iéz,_——""'_7 L%J p
. + +
L +
l.+ + +
h AR paa i i bbb Rag i e o dennn b ndeppadaaodennotasnadonndoonalenes o nanointoninaninigit IlrllllllllllF

0 1.2 l.4 1.6 1,8 2.0 .2 2.4 2.5 2.8 3.0 3.8
Inlet~to-outlet density ratio, py/pg

(6) Total-pressure loss shown as fumotion of inlet-to-outlet density ratfo, Operating
condltlions: altitude, 40,000 feet; englne spsed, 17,400 rpm.
Figare 1ll. = Oontimmed. Performance characteristiocs of one-sixth sector of anmular turbojlet
combustor in serisa 2-3( )a.

iy



48

Altitude, £t

NACA RM EQ122

soLlcS

Basket modification 2~3C

D
Q

Contemporary no-strut typg;/

7~
L~

30

20 |
6 8 10 12 14 16 18x10%
Engine speed, rpm

(d) Altitude operating limits. Shaded area shows band
within which all operating limits fell for this seriles,

Flgure 11, - Concluded. Performance characteristics of one-sixth

sector of annular turbojet combustor in series 2=3( )g. an

LES



NACA RM E9i22

Figure 12. - Temperature

{c) Basket 1-1C,.

pattern at combustor outlet for one-sirth sector of ammuler

turboJet combustor. Operating conditions:- altitude, 40,000 feet; engine speed,
17,400 rpm; fusl-air ratio, 0.016., All temperatures are gliven in °F, .
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Figure 12, - Continued., Temperature pattern at combustor outlet for one-sixth sector of
annular turbojet combustor. Operating conditioms: altitude, 40,000 feet; engine -

speed, 17,400 rpm; fuel-air retio, 0.016. All temperatures are given in °F.
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(1) Basket 2-2Cy.

Figure 12. - Continued. Temperature pattern at combustor ocutlet for cne-sixth sector of
ammular turbojJet combustor. Operating conditions: altitude, 40,000 feet; engine
speed, 17,400 rpm; fuel-air ratlo, 0,016. All temperatures are given in CF.
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Figure 12. - Continued. Tempei'ature pattern at combustor outlet for cne-sixth sector of
aemular turboJet combustor, Operating conditions: altitude, 40,000 feet; engine
speed, 17,400 rpm; fusl-air ratio, 0.016, All temperatures are given in °F,
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(n) Basket 2-3Cp.

Figure 12. - Continued. Temperaturs pattern st ccmbustor outlet for cns-sixth seotor of

sonular turbojet combustor. Operating condltlons:

sltivude, 40,000 feel; emgine

speed, 17,400 rpm; fuel-air retio, 0.016. All temperatwres are given in °F.
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(o) Basket 2-3Cg. R

Figure 12+ = Concluded. Temperature pattern at the combustor outlet for one-sixth
sector of annular turbojet combustor. Operating condltlons: altitude, 40,000 feet;
engine speed, 17,400 rpm; fuel-air ratio, 0.016. All temperatures are given in 9F,
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